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Objective: the objective of this study was to present an analog method for preoperative plan-
ning  of primary total hip arthroplasty procedures based on measuring the components by
overlaying the transparencies of the prosthesis on the preoperative radiographs and check-
ing  the accuracy, both for predicting the size of the acetabular and femoral components
used  and for restoring the offset and correcting the dysmetria.
Methods: between March 2005 and July 2009, 56 primary total hip arthroplasty procedures
performed on 56 patients at the Mario Covas State Hospital in Santo André were analyzed.
The measurements on the femoral and acetabular components obtained through planning
were compared with those that were used in the surgery. The offsets measured through
the  preoperative planning were compared with those measured on the postoperative radio-
graphs. Dysmetria was evaluated before and after the operation.
Results: accuracy of 78.6% (p < 0.001) in predicting the size of the acetabular component and
82.2% (p < 0.001) in predicting the femoral nail was observed. The offsets measured through
preoperative planning were statistically similar to the offsets measured on the postoperative
radiographs. After the operation, we observed absolute equalization in 48.2% of the cases.
In  87.5%, the dysmetria was less than or equal to 1 cm and in 69.6%, it was less than or equal
to  0.5 cm.
Conclusions: the accuracy was 78.6% and 82.2%, respectively, for the acetabular and femoral
components. The offsets that were planned preoperatively were statistically similar to those
measured on postoperative radiographs. We found absolute equalization in 48.2% of thecases.
©  2014 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.
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Planejamento  pré-operatório  de  artroplastias  totais  primárias  de  quadril
com  o  uso  de  radiograﬁas  convencionais
Palavras-chave:
Artroplastia de quadril
Planejamento
Quadril/radiograﬁa
r  e  s  u  m  o
Objetivos: apresentar um método analógico de planejamento pré-operatório de artroplastias
totais primárias de quadril baseado na medida dos componentes pela sobreposic¸ão das
transparências da prótese sobre a radiograﬁa pré-operatória. E veriﬁcar a acurácia, tanto na
previsão do tamanho do componente acetabular e do componente femoral usado como na
restaurac¸ão  do offset e na correc¸ão das dismetrias.
Métodos: entre marc¸o de 2005 e julho de 2009 foram analisadas 56 artroplastias totais
primárias de quadril feitas em 56 pacientes no Hospital Estadual Mário Covas. As medi-
das  dos componentes femorais e acetabulares obtidas no planejamento foram comparadas
com as que foram usadas na cirurgia. Os offset medidos no planejamento pré-operatório
foram comparados com os medidos na radiograﬁa pós-operatória. A dismetria foi avaliada
nos  momentos pré e pós-operatórios.
Resultados: foi observada uma acurácia de 78,6% (p < 0,001) na previsão do tamanho do
componente acetabular e de 82,2% (p < 0,001) na previsão da haste femoral. Os offset medidos
no  planejamento pré-operatório foram estatisticamente semelhantes aos offset medidos na
radiograﬁa pós-operatória. No pós-operatório observamos a equalizac¸ão absoluta em 48,2%
dos  casos. Em 87,5% a dismetria foi igual a ou menor do que 1 cm e em 69,6% foi igual a ou
menor do que 0,5 cm.
Conclusões: a acurácia foi de 78,6% e 82,2%, respectivamente, para os componentes acetab-
ulares e femorais. Os offset planejados pré-operatório foram estaticamente semelhantes
aos  medidos na radiograﬁa pós-operatória. Veriﬁcamos equalizac¸ão absoluta em 48,2% dos
casos.
© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
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reoperative planning for hip arthroplasty procedures was
nitially poorly understood and used, since the designs
nd sizes of the prostheses were very limited.1,2 Today,
he variety of designs and the number of sizes of the
omponents have increased considerably, and total hip
rthroplasty has been transformed into a more  complex
rocedure.2
Preoperative planning makes it possible to appropriately
hoose the sizes of the components, equalize the limbs and
educe the duration of the operation.2
Charnley1 demonstrated the importance of preoperative
adiographic studies for choosing the correct size of the pros-
hesis components, and also emphasized the importance of
estoring the offset. The latter is directly related to the stability
f the arthroplasty.1,3–6
Dysmetria is a frequent complication of total hip arthro-
lasty. It causes lumbalgia, gait disorders and sciatic nerve
njuries.7–11
In this study, using conventional radiographs, we
resent a preoperative planning method for primary
otal hip arthroplasty based on measuring the compo-
ents through overlaying transparencies of the prosthesis
n the preoperative radiograph. The study had the fol-
owing objectives: to assess the accuracy of predicting
he sizes of the acetabular and femoral components; to
nalyze the restoration of the offset; and to correct the
ysmetria.Editora Ltda. Todos os direitos reservados.
Material  and  methods
The project for this study was approved by the Ethics Commit-
tee of the ABC Medical School, under the number CEP 258/2007.
Between March 2005 and July 2009, 56 primary total hip
arthroplasty procedures performed on 56 patients at Hospital
Estadual Mário Covas were analyzed.
The mean age was 65 years. In all, 37 patients (66.1%) were
female and 19 (33.9%) were male. All the patients had a diag-
nosis of arthrosis.
The inclusion criterion was the presence of unilateral
hip arthrosis. The exclusion criteria were bilateral arthrosis;
moderate or severe acetabular protrusion according to the
Sotelo-Garza and Charnley classiﬁcation;12 acetabular dyspla-
sia greater than Crowe type I;13 femoral neck fracture; and
alterations in other joints that caused dysmetria.
All the arthroplasty procedures were total and cemented,
and were performed using a posterior approach.
Pelvic radiographs were performed in anteroposterior (AP)
view, centered on the pubic symphysis, with the lower limbs
rotated internally by 15◦ and a distance of 1 m between the
bulb of the apparatus and the ﬁlm; and in lateral view covering
the proximal one-third of the femur.
The acetabular component was measured by overlaying the
acetabular transparency on the AP radiograph of the normal
hip, in order to choose the number that ﬁtted the outline of the
acetabulum best. The parameters used were the upper lateral
border of the acetabulum, the teardrop and Köhler’s iliosciatic
line (Fig. 1A and B). The size of the acetabular component was
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Fig. 1 – (A) Overlaying the transparency of the acetabular
component on the normal side. The white arrow on the left
side indicates the upper lateral border of the acetabulum.
The white arrow on the right side indicates the teardrop.
The center of rotation (CR) of the hip is marked on the
transparency and is indicated by the black arrow. (B)
Köhler’s iliosciatic line. The white arrow indicates Köhler’s
iliosciatic line. The size of the acetabular component
Fig. 2 – (A) Reference lines H, V1 and V2. The center of
rotation is marked on the normal side, indicated by an
arrow. Reference lines: the ﬁrst goes along the lower edge
of the teardrops (line H); the second is perpendicular to line
H and goes along the lateral edge of the teardrop on the
normal side (line V1); the third is also perpendicular to line
H and goes along the lateral edge of the teardrop on the
side to be operated (line V2). (B) Transfer of the CR from the
right side (normal) to the left side. Distance a should beshould not go beyond the iliosciatic line. The black arrow
indicates the center of rotation.
determined such that it would not go beyond the iliosciatic
line (Fig. 1B).
After the center of rotation (CR) of the normal hip had been
marked on the radiograph (Fig. 1A and B), it was transferred
to the side to be operated. To transfer it, three reference lines
were used as parameters:
Line H: going along the lower limit of the teardrops (Fig. 2A)
Line V1: going along the lateral border of the teardrop on the
normal side and perpendicularly to the intersection with line
H (Fig. 2A)
Line V2: going along the lateral border of the teardrop on the
side to be operated and perpendicularly to the intersection
with line H (Fig. 2A)From the reference lines, the CR was transferred from the
normal to the affected side. We  then deﬁned four distances
measured in millimeters:equal to a′ and distance b should be equal to b′.
Distance a: from the CR of the normal side to line V1 (Fig. 2B);
Distance b: from the CR of the normal side to line H (Fig. 2B);
Distance a′: same length as distance a, starting at line V2
(Fig. 2B);
Distance b′: same length as distance b, starting at line H
(Fig. 2B).
The intersection point between the distances a′ and b′ was
the CR of the side to be operated.
The femoral offset was the distance along a line going per-
pendicularly from the center of rotation of the femoral head
to the intersection with a line going through the middle of the
long axis of the femur.14
The offset of the prosthesis was the distance from a
line going perpendicularly from the center of rotation of the
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Fig. 3 – Offset of the prosthesis.
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Fig. 5 – Normal hips. Line 1 goes along the lower limit of
the sciatic tuberosities. Line 2 goes along the upper lateral
edge of the acetabula. Line 3 goes through the midpoint ofrosthesis head to the intersection with a line going through
he middle of the major longitudinal axis of the femoral nail
Fig. 3).
To choose the size of the femoral component, its trans-
arency was overlaid on the AP radiograph on the side to be
perated (Fig. 4). The femoral component chosen was deter-
ined to be the one with an offset closest to that of the normal
ide.
The dysmetria could be one of three types: at the cost of theemur, at the cost of the acetabulum or at the cost of both the
emur and the acetabulum (mixed or combined).15 To identify
Fig. 4 – Measurement using the transparency.the lesser trochanters. The three lines are parallel.
dysmetria, the parameters used were three lines on the AP
radiograph of the pelvis, centered on the pubic symphysis:15
Line 1: determined by tracing out a straight line through the
most distal points of the sciatic tuberosities;
Line 2: determined by tracing out a straight line along the
upper lateral edge of the acetabula;
Line 3: determined by tracing out a straight line through the
midpoints of the lesser trochanters.
In normal hips, the three lines are parallel (Fig. 5).
To measure the dysmetria, the parameters used were line
H, going along the lower limit of the teardrops, and line 3
(Fig. 6).
The pelvis with the acetabular component chosen, the cal-
culated CR and the femur to be operated were drawn using
Dysmetria = a–b
Fig. 6 – Calculation of the dysmetria. The dysmetria is
obtained as the difference in the distances between line H
and line 3 at the level of the lesser trochanters. The
difference in measurements between segments “a” and “b”
is the amount of the dysmetria. Dysmetria = a − b.
144  r e v b r a s o r t o p . 2 0 
Fig. 7 – The white arrow indicates the drawing of the pelvis
with the acetabular component. The black arrow indicates
the drawing of the femur.tracing paper overlain on the AP radiograph (Fig. 7). The draw-
ing of the pelvis was then overlain on the drawing of the femur,
and both of these were placed on the transparency of the
femoral component (Fig. 8).
The level of the osteotomy of the femoral neck for equaliz-
ing the limbs was deﬁned by sliding the drawings across the
femoral transparency. For this, lines 1, 2 and 3 had to be kept
parallel (Fig. 8).
The chi-square test was applied to ascertain the accuracy
of the predictions for the acetabular and femoral components.
The Mann–Whitney test was applied to compare the planned
offset measurements with those obtained on the postopera-
tive radiograph.
Dysmetria was analyzed after the operation.
We used the Statistical Package for the Social Sciences
(SPSS), version 17.0, to obtain results of a statistical nature.
Results
Accuracy of 78.6% (p < 0.001) in predicting the size of the
acetabular component was observed (Table 1). Accuracy of
82.2% (p < 0.001) in predicting the femoral nail was found
(Table 2).
Fig. 8 – Preoperative planning. Lines 1, 2 and 3 are parallel.1 4;4 9(2):140–148
The offsets measured in the preoperative planning were
statistically similar to the offsets measured on postoperative
radiographs, with p = 0.630 (Table 3).
The mean displacement of the CR was 4 mm in the hori-
zontal axis and 6 mm in the vertical axis.
The mean preoperative dysmetria was 1.6 cm,  with a range
from 0.0 to 3.9 cm (Table 4). After the operation, we  observed
that the limbs had been equalized in 27 patients (48.3%),
stretched in 18 (32.1%) and shortened in 11 (19.6%). The mean
postoperative dysmetria was 0.4 cm,  with a range from 0.0 to
2.1 cm (Table 5). We observed that the postoperative dysmetria
was less than or equal to 1.0 cm in 87.5% of the patients and
less than or equal to 0.5 cm in 69.6%.
With regard to the femoral nail, it was observed to be pos-
itioned neutrally in 43 hips (76.7%), with valgus rotation in
three (5.4%) and with varus rotation in 10 (17.9%).
The analysis of the mean inclination of the acetabular com-
ponent in the frontal plane showed that this was 42◦, with a
range from 30◦ to 58◦.
The variations in the offset on postoperative radiographs
in relation to what was planned were statistically similar
(p = 0.123), with regard to neutral, varus and valgus positions
of the femoral nail.
The correlation between variations in the postoperative
offset values relative to what was planned and the inclination
of the acetabular component was not statistically signiﬁcant
(p = 0.657).
Discussion
During the 1970s, only limited numbers of implants were
placed.2,16 Today, there are several different designs and a
large number of sizes available,17 which makes planning
essential.2,16 However, few studies have evaluated the accu-
racy of component size predictions.2,6,16,18,19
We  began this investigation with the aim of evaluating the
method used in our institution.
Today, planning methods using digital radiographs exist.
These enable high precision,6,20 as demonstrated by Eggli
et al.,6 who observed accuracy of around 90% in component
predictions.
In Brazil, digital radiographs are still not used routinely. The
method described in our study was less precise, but can be
applied to conventional radiographs without additional cost
for the procedure.
In our sample, we  observed that the accuracy was 78.6% for
the acetabular components and 82.2% for the femoral com-
ponents. These values were similar to those presented by
Paniego et al.,2 who found accuracies of 83% for the acetab-
ular components and 76% for the femoral components; and to
those reported by González Della Valle et al.,16 who observed
accuracies of 83% and 78%, respectively, for the acetabular and
femoral components. Both of the author groups used planning
methods with conventional radiographs.It is difﬁcult to predict the exact magniﬁcation in conven-
tional radiographs. For this reason, in order to minimize the
possible deviations, we  standardized production of the radio-
graphs as described in the methodology.
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Table 1 – Frequency and percentage distribution of the acetabular components used at the two observation times.
Acetabular component
planned
Acetabular  component used Total
44 48 50 52
44 18 0 0 0 18
32.10% 0.00% 0.00% 0.00% 32.10%
48 0 20 0 0 20
0.00% 35.70% 0.00% 0.00% 35.70%
50 0 1 3 0 4
0.00% 1.80% 5.40% 0.00% 7.10%
52 0 5 1 3 9
0.00% 8.90% 1.80% 5.40% 16.10%
54 0 0 0 3 3
0.00% 0.00% 0.00% 5.40% 5.40%
56 0 0 1 1 2
0.00% 0.00% 1.80% 1.80% 3.60%
Total 18 26 5 7 56
32.10% 46.40% 8.90% 12.50% 100.00%
Source: Hospital Estadual Mário Covas.
Table 2 – Frequency and percentage distribution of the femoral nails used at the two observation times.
Femoral component
planned
Femoral  component used Total
10.5 12 13.5 15 35.5 37.5
10.5 8 0 0 0 0 0 8
14.30% 0.00% 0.00% 0.00% 0.00% 0.00% 14.30%
12 3 15 0 0 0 0 18
5.40% 26.80% 0.00% 0.00% 0.00% 0.00% 32.10%
13.5 0 0 1 0 0 0 1
0.00% 0.00% 1.80% 0.00% 0.00% 0.00% 1.80%
15 0 1 1 1 0 0 3
0.00% 1.80% 1.80% 1.80% 0.00% 0.00% 5.40%
16.5 0 0 0 1 0 0 1
0.00% 0.00% 0.00% 1.80% 0.00% 0.00% 1.80%
35.5 0 0 0 0 15 1 16
0.00% 0.00% 0.00% 0.00% 26.80% 1.80% 28.60%
37.5 0 0 0 0 2 6 8
0.00% 0.00% 0.00% 0.00% 3.60% 10.70% 14.30%
44 0 0 0 0 0 1 1
0.00% 0.00% 0.00% 0.00% 0.00% 1.80% 1.80%
Total 11 16 2 2 17 8 56
19.60% 28.60% 3.60% 3.60% 30.40% 14.30% 100.00%
c
p
e
lSource: Hospital Estadual Mário Covas.
Arthroplasty procedures aim to restore the hip biome-
hanics to normal conditions, through choosing appropriate
rosthesis sizes, so as to avoid intraoperative and postop-
rative complications and consequently increase prosthesis
ongevity.
Table 3 – Description of and comparison between the offsets pl
Pair of variables n Mean Standard
deviation
Minimum Ma
Offset planned (mm) 56 39.7 5.4 30.0 5
Offset used (mm) 56 40.3 6.4 30.0 5
Source: Hospital Estadual Mário Covas.The importance of the offset is related to the functioning of
1,4,5,21the abductor musculature: through planning, it is possi-
ble to restore it.1,3–6,21,22 Its restoration is related to the stability
of the arthroplasty.1,3,6,21 The offsets measured in the preop-
erative planning in our sample were statistically similar to
anned and used.
ximum 25th
percentile
Median 75th
percentile
Signiﬁcance
(p)
5.0 35.0 38.5 42.0 0.630
7.0 35.0 39.0 45.0
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Table 4 – Description of the affected lower limb before the operation.
Length of affected lower
limb before the
operation (cm)
n  Mean Standard
deviation
Minimum Maximum 25th
percentile
Median 75th
percentile
Shortened 53 1.7 0.9 0.4 3.9 1.0 1.5 2.3
Equalized 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 56 1.6 0.9 0.0 3.9 0.9 1.5 2.2
Source: Hospital Estadual Mário Covas.
Table 5 – Description of the affected lower limb after the operation.
Length of affected lower
limb before the
operation (cm)
n  Mean Standard
deviation
Minimum Maximum 25th
percentile
Median 75th
percentile
Shortened 11 0.9 0.7 0.3 2.1 0.4 0.8 1.7
Stretched 18 0.7 0.3 0.4 1.5 0.5 0.6 1.0
Equalized 27 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 56 0.4 0.5 0.0 2.1 0.0 0.3 0.6Source: Hospital Estadual Mário Covas.
those measured on postoperative radiographs. This is related
to the accuracy of 82.2% in predicting the size of the femoral
nails, which had ﬁxed offset values. Therefore, if the size of
the femoral component is correct, there is a greater likelihood
of achieving the planned offset.
In 1988, Yoder et al.23 observed greater rates of loosening
of the femoral component when the acetabular component
was placed above and laterally to the center of rotation. In
1996, Pagnano et al.24 observed greater rates of loosening of
the acetabular and femoral components when the acetabu-
lar component was placed above the center of rotation, even
without lateral displacement. In our sample, mean variations
from the planned center of rotation were 4 mm in the hori-
zontal axis and 6 mm in the vertical axis. These were close to
what was presented by Paniego et al.,2 who observed that 96%
of the centers of rotation were placed with displacement of
less than 4 mm from the planned center of rotation. It seems
to us that the changes in position of the center of rotation
are difﬁcult to measure, since they can vary greatly with the
magniﬁcation of conventional radiographs, given that these
changes are measured in millimeters. Yoder et al.23 observed
that measurements of 4–5 mm are very imprecise on con-
ventional radiographs, which explains the greater accuracy of
planning when digital radiographs are used.
In situations in which the acetabulum presents loss of bone
stock or dysplasia, placement of the acetabular component at
the center of ideal rotation is more  difﬁcult, since in these
cases additional coverage with grafts from the femoral head
may be needed. These cases were excluded from our study,
since they could have led to bias in the analysis on displace-
ment of the center of rotation.
Dysmetria is a common complication following hip
arthroplasty.7–9 Its correction can be envisaged through pre-
operative planning1,3,6,21 and also during the operation.8 The
operated side often becomes stretched.7 Dysmetria greater
than 1 cm has been correlated with lumbalgia.9 Our results
were inferior to those presented by Eggli et al.,6 who observeddysmetria of less than 5 mm in 94% of the cases. In our sam-
ple, we observed absolute equalization in 48.2% of the cases.
In 87.5%, the dysmetria was less than or equal to 10 mm and
in 69.6% it was less than or equal to 5 mm.  However, it needs
to be taken into consideration that the study by Eggli et al.6
was conducted using digital radiographs.
Dolhain et al.5 reported that varus or valgus positioning
of the femoral and acetabular components inﬂuenced the
offset of the arthroplasty. In our sample, the relationship
between the values of increased, decreased and equalized off-
set achieved after the operation through putting the femoral
component into a varus, valgus or neutral position was
analyzed. It was observed that there were no statistically sig-
niﬁcant differences between the categories of the variable of
femoral nail position (p = 0.123). The femoral nail was placed in
a neutral position in 76.7% of the cases, in varus in 17.9% and
in valgus in 5.4%. However, in the cases in which we  observed
valgus or varus positioning, these were slight errors that did
not give rise to any signiﬁcant variations in offset.
Going against what was observed by Dolhain et al.,5 we
found from our sample that the variations in offset were not
related to the variations in inclination of the acetabular com-
ponent.
Dobzyniac et al.25 determined that the ideal for the femoral
component was to position the nail in neutral in the frontal
plane, with 20◦ to 30◦ of anteversion and neutral position. For
the acetabular component, it should be 45◦ of abduction and
20◦ to 30◦ of anteversion. Lewinneck et al.11 deﬁned a safety
zone for the acetabular component comprising an inclination
of 30◦ to 50◦, in the frontal plane, and anteversion of 5◦ to 25◦.
In our sample, the acetabular component was positioned with
a mean inclination in the frontal plane of 42◦, with a range
from 30◦ to 58◦.
To obtain greater precision in positioning prosthesis com-
ponents, computer-aided navigation systems were developed,
thus enabling lower variation in positioning the acetabular
component.26–29 We did not use these systems, because their
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ost is still high in Brazil. In our study, the mean inclination of
he acetabular component in the frontal plane was 42◦, with a
ange from 32◦ to 58◦. This variation was greater than what has
een presented using computer-aided navigation systems.
The preoperative planning enabled greater precision in
hoosing the sizes of the acetabular and femoral components
nd facilitated correction of the dysmetria. It made it possi-
le to predict intraoperative difﬁculties such as the need for
emoral head bone grafting for additional graft coverage in
ases of acetabular dysplasia, the need for in situ osteotomy
f the femoral neck in cases of severe acetabular protrusion
nd the need for small components in short patients. It made
t possible to choose a femoral component for restoring the
ffset, and to determine the ideal center of rotation on the
ffected side.
onclusions
) We  observed accuracy of 78.5% and 82.2%, respectively, for
the acetabular and femoral components;
) The offsets measured during the preoperative planning
were statistically similar to those measured on the post-
operative radiographs;
) There was absolute equalization in 48.2% of the cases. In
87.5%, the dysmetria was less than or equal to 1 cm and in
69.6% it was less than or equal to 0.5 cm.
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